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We isolated two Autographa californica nucleopolyhedrovirus (AcMNPV) mutants that have infectivity similar to that of
wild-type (wt) AcMNPV in TN368 cells, but reduced budded virus and polyhedral inclusion body production in IPLB-SF-21
and SE1c cells. Restriction endonuclease analysis and sequence analysis indicated that 3.2-kb (77.0–79.4 m.u.) and 4.4-kb
(76.7–80.1 m.u.) regions, the location of four major open reading frames (ORFs), pk2, ORF-247, lef-7, and chitinase, were
deleted in mutant T295 and T297, respectively. Phenotypes of recombinant viruses vdel-AG, in which all four ORFs were
deleted, and vlef7-AG, in which only lef-7 was deleted, were identical to the mutants. The phenotypes of recombinant viruses
with deletions of the other ORFs were indistinguishable from wt AcMNPV. This demonstrated that the deletion of lef-7 was
responsible for the mutant phenotypes. Viral DNA synthesis in both mutant- and vlef7-AG-infected SF-21 and SE1c cells
was reduced to less than 10% of that of wt AcMNPV-infected cells. In TN368 cells, DNA synthesis in mutant- and vlef7-
AG-infected cells was delayed relative to wt-infected cells. Although lef-7 is not essential for AcMNPV infection in TN368
cells, it is expressed in TN368, SF-21, and SE1c cells in a similar manner. q 1997 Academic Press
INTRODUCTION (LdMNPV), is capable of expanding the AcMNPV host
range. LdMNPV host range factor-1 promotes AcMNPV
Nuclear polyhedrosis viruses (NPV) are baculoviruses,
replication in Ld652Y cells, a nonpermissive cell line
invertebrate-specific pathogens that have limited host
(Thiem et al., 1996).
ranges. Infection by most baculoviruses is restricted to
During infection, AcMNPV genes are expressed in aa single species or a few related species. Autographa
highly regulated cascade in which early gene expressioncalifornica MNPV (AcMNPV) has an unusually broad host
and viral replication are essential for late and very laterange, reportedly infecting at least 33 species of Lepidop-
gene expression (reviewed by Blissard and Rohrmann,tera larvae in 10 families (Gro¨ner, 1986) and over 25
1990; O’Reilly et al., 1992). Early baculovirus genes,different cell lines (Hink 1970; Hink and Hall, 1989).
whose expression is independent of viral DNA replica-AcMNPV has a 134-kb genome potentially encoding 154
tion, have promoters that are recognized by an a-amani-proteins (Ayres et al., 1994). Among these genes, a few
tin-sensitive RNA polymerase II activity (Huh and Weaver,involved in host-range determination have been identi-
1990; Hoopes and Rohrmann, 1991). IE-1 plays a centralfied. AcMNPV recombinant viruses in which a small frag-
role in the regulation of viral gene expression and isment of Bombyx mori nucleopolyhedrovirus p143, a ho-
essential for early, late, and very late gene expressionmologue of a DNA helicase gene (Lu and Carstens,
(Guarino and Summers, 1987; Passarelli and Miller,1991), has replaced the homologous region of AcMNPV
1993). The product of another immediate early gene ie-p143 replicate in both Spodoptera frugiperda and B. mori
2 (ie-N), is downregulated by IE-1 (Carson et al., 1991b)cell lines (Croizier et al., 1994; Maeda et al., 1993). The
and modulates both its own and ie-1 expression (Carsonmechanism by which p143 alters AcMNPV host range is
et al., 1991a). In transient assays, IE-2 augments tran-not known. AcMNPV in which p35, an inhibitor of
scription from early promoters , late promoters, and veryapoptosis, is deleted has reduced virus replication in the
late promoters (Guarino and Summers, 1988; PassarelliSF-21 (S. frugiperda) cell line (Clem et al., 1991; Clem
and Miller, 1993). Eighteen late expression factors (lefs)and Miller, 1993; Hershberger et al., 1992) and S. frugi-
are required to support optimal expression of a late pro-perda larvae (Clem and Miller, 1993), but not in the TN368
moter-controlled reporter gene, chloramphenicol acetyl-(Trichoplusia ni) cell line or T. ni larvae. A gene isolated
transferase, in IPLB-SF-21 (SF-21) cells in transientfrom another baculovirus, Lymantria dispar MNPV
assays (Lu and Miller, 1995a; Todd et al., 1995). Among
these lefs, ie-1, ie-2, lef-1, lef-2, lef-3, lef-7, p143, pe38,
1 To whom correspondence and reprint requests should be ad- dnapol, and p35 are involved in viral DNA replicationdressed at the Department of Entomology, 243 Natural Science, Michi-
(Kool et al., 1994; Lu and Miller, 1995a). However, differ-gan State University, East Lansing, MI 48824-1115. Fax: (517) 353-5598;
E-mail: smthiem@pilot.msu.edu. ent lefs may be required for virus replication in different
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cell types. For example, ie-2 and lef-7 are not essential defined as the time when the inoculum was removed.
The percentage of cells with polyhedral inclusion bodiesfor late gene expression in transient assays in TN368
cells (Lu and Miller, 1995b). Another factor, AcMNPV host (PIBs) was determined by counting the number of cells
with PIBs and total cell number using an improved Neu-cell-specific factor-1 (hcf-1) is needed to support optimal
reporter gene expression in TN368 cells, but is not re- bauer hemacytometer and a Nikon TMS inverted micro-
scope. Between 100 and 400 cells were counted for eachquired for expression in SF-21 cells (Lu and Miller,
1995b). hcf-1 cannot functionally substitute for lef-7 in time point, and three independent experiments were con-
ducted.SF-21 cells (Lu and Miller, 1995b).
As a means for identifying AcMNPV genes that contrib- Budded virus production was determined by end-point
dilution assay (O’Reilly et al., 1992) on TN368 cells. Cellsute to its broad host range, we screened mutagenized
AcMNPV stocks for isolates with differential infectivity on were scored for PIB formation on the fourth day p.i.
TCID50 was calculated and converted to PFU/ml ac-susceptible cell lines. Two mutants, T295 and T297, that
were isolated on TN368 cells had dramatically reduced cording to O’Reilly et al. (1992).
Wt AcMNPV DNA for restriction analysis was preparedpolyhedra production on SF-21 and UCR-SE1 (SE1c) cells
compared to TN368 cells. Here we describe the charac- from virus released from PIBs, and mutant virus DNA
was prepared from budded virus harvested from infectedterization of these mutants and demonstrate that the mu-
tant phenotype can be attributed solely to the deletion TN368 cells (O’Reilly et al., 1992).
of lef-7 in both mutants.
DNA cloning and sequencing
MATERIALS AND METHODS AcMNPV PstI L and M fragments were cloned into
pBluescript (KS/) (Stratagene, La Jolla, CA) at the PstICells and viruses
site to generate plasmids pPstL and pPstM. PstI-N* and
S. frugiperda IPLB-SF-21 (Vaughn et al., 1977), T. ni PstI-O* (Fig. 2) containing deletion junctions from T295
TN368 (Hink, 1970), and Spodoptera exigua UCR-SE1c, and T297, respectively, were cloned into pBluescript
a clonal cell line of UCR-SE1 (Gelernter and Federici, (KS/) to generate plasmids pPst-N* and pPst-O*. Clones
1986) provided by B. A. Federici, University of California, were sequenced by the dideoxy chain termination
Riverside, were maintained at 277 in TC-100 medium (Life method (Sanger et al., 1977) using Sequenase (United
Technologies, Inc., Gaithersburg, MD) supplemented States Biochemical Corp., Cleveland, OH) using T3 or T7
with 10% fetal bovine serum (Life Technologies, Inc.) and primers (Fig. 3A).
0.26% tryptose broth. AcMNPV L-1 variant (Lee and
Miller, 1979) was propagated in T. ni larvae and SF-21 Construction of recombinant virus
cells. To generate mutants, AcMNPV-infected SF-21 cells
To facilitate gene disruption, a reporter gene cassettewere incubated at 277 in the presence of thymidine ana-
that constitutively expresses Escherichia coli b-glucuron-log 5-bromo-2*-deoxyuridine (BUdR) (Sigma, St. Louis,
idase (GUS) in insect cells was constructed. The B. moriMO) (Lee and Miller, 1979). Mutant viruses were selected
actin promoter was first cleaved from pBBm1/BmA.lacZ2by differential growth on three cell lines, SF-21, TN368,
(Johnson et al., 1992) with HindIII and subcloned intoand SE1c by plaque assay. Mutagenized viral stocks
pBluescript (KS/). gus was cleaved from pBI121were titrated by plaque assay on each cell line. Well-
(Clonetech, Inc.) with BamHI and SstI and subcloned intoisolated plaques were selected, amplified, and tested on
pUC18. A clone with the correct orientation of the actinall three cell lines. Cells were scored for the presence
promoter was selected based on the sizes of restrictionof polyhedra by the fourth day postinfection (p.i.). Isolates
fragments following digestion with PstI. The actin pro-with wild-type (wt) levels of polyhedra on at least one
moter was then cleaved from the pBluescript (KS/) plas-cell line but reduced polyhedra production on at least
mid and inserted into the gus subclone in pUC18 at theone other cell line were selected as possible host-range
BamHI and SalI sites to generate an actin-GUS cassette.mutants. Mutant viruses T295 and T297 were isolated on
Multiple restriction endonuclease sites between the pro-TN368 cells and selected for their low polyhedra produc-
moter and gus were then removed by limited digestiontion on SF-21 and SE1c cells. Both viruses were plaque
with mung bean nuclease and exonuclease III followingpurified and amplified on TN368 cells.
cleavage with SmaI, and the plasmid was religated.
A 2.8-kb PvuII–EcoRI fragment containing the actin –Characterization of mutant viruses
GUS reporter cassette was inserted into pPst-N* frag-
ment at NcoI and EcoRI sites to generate pdel-AG. pPst-TN368, SF-21, and SE1c were seeded onto 60-mm
tissue culture plates at 5 1 105 cells per plate and in- L was digested with NsiI and SwaI and a 2.7-kb PstI –
PuvII fragment containing the actin–GUS cassette wasfected with either wt AcMNPV or mutant virus at a multi-
plicity of infection of 10 PFU/cell. Infected cells were inserted to generate plef7-AG. Recombinant viruses vdel-
AG and vlef7-AG were generated by calcium phosphateharvested at various time postinfection. Cells were incu-
bated with virus for 1 hr and the zero time point was cotransfection of transfer plasmids with AcMNPV DNA
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using standard methods (O’Reilly et al., 1992) and recom- rabbit secondary antibody (Sigma) at a dilution of
1:12,500. The ECL Western blot detection system (Amer-binants were selected on TN368 cells. Disruption of
ORFs was confirmed by the restriction patterns and sham Life Science) was used for signal detection.
Southern blot analysis using the reporter gene as a
probe. RESULTS
Characterizations of mutant viruses T295 and T297Quantification of virus replication
AcMNPV mutant viruses, T295 and T297, were se-
DNA was prepared for dot blot analysis by NaI treat-
lected on TN368 cells, following infection with chemically
ment (Bresser and Gillespie, 1983). PIBs and budded
mutagenized virus stocks. Polyhedra production in mu-
virus (BV) were harvested by centrifugation of wt AcMN-
tant-infected TN368 cells was similar to wt AcMNPV-
PV- or mutant virus-infected SF-21, TN368, or SE1c cells
infected cells, but was reduced substantially on SF-21
and their media for 15 min at 16,000 g. Pellets were
and SE1c cells. To determine BV production, medium
resuspended in 100 ml water, then incubated with an
was collected from infected cells at various times p.i.
equal volume of 0.1 M NaCO3 for 15 min at room tempera- and titrated. In TN368 cells, both mutants had 5- to 10-
ture to ensure the disruption of PIBs. The mixture was
fold higher titers at 24–36 hr p.i., but were 2-fold higher
then mixed with 81 ml saturated NaI solution and incu-
than wt AcMNPV at 48 hr p.i. (Fig. 1A). BV production in
bated at 1007 for 30 min. The samples were blotted on
both T295- and T297-infected SF-21 and SE1c cells was
to Zeta-probe nylon membrane by using a dot blot appa-
delayed and the titers decreased 3- to 6-fold compared
ratus (Bio-Rad Laboratories) and probed with nick-trans-
to AcMNPV at 48 hr p.i. (Figs. 1B and 1C). PIB production
lated (Sambrook et al., 1989) AcMNPV DNA. Hybridiza-
was assessed by determining the percentage of cells
tion was carried out in the hybridization solution (50%
containing polyhedra in mutant- or wt AcMNPV-infected
formamide, 50 mM phosphate buffer, 51 SSC, 51 Den-
cells. Almost 100% of TN368, SF-21, and SE1c cells in-
hardt’s solution, 0.1% SDS, and 100 mg/ml salmon sperm
fected with wt AcMNPV had polyhedra at 48 hr p.i. (Figs.
DNA) at 427 for 18 hr (Sambrook et al., 1989). The blot
1D, 1E, and 1F). The number of mutant-infected TN368
was visualized by autoradiography and the bound probe
cells producing PIBs was 50% less than wt-infected cells
was quantified with a phosphorimager (Molecular Dy-
at 24 hr p.i. However, by 36 hr p.i. PIB production reached
namics, Sunnyvale, CA).
wt levels (Fig. 1D). In contrast, few cells with polyhedra
were observed in T295- or T297-infected SF-21 and SE1cWestern blot analysis
cells before 36 hr p.i., and at 48 hr p.i., less than 20% of
SF-21 cells (Fig. 1E) and 5% of SE1c cells (Fig. 1F) con-A SpeI– PstI (104,423– 105,163 bp; Aryes et al., 1994)
fragment containing 90% of lef-7 was cloned into pMAL- tained polyhedra.
A comparison of restriction patterns between wt andc2 vector, which encodes maltose-binding protein (MBP)
(New England BioLabs, Beverly, MA), resulting in the mutant virus DNAs revealed altered restriction patterns
in both mutant viruses. The EcoRI E fragment is reducedexpression of MBP-LEF-7 fusion in transformed E. coli
XL-1 Blue strain (Bullock et al., 1987). The fusion protein from 9.6 kb (Fig. 2, lane 1, asterisk) to smaller fragments
of 6.4 and 5.2 kb in mutants T295 and T297, respectivelywas purified by amylose resin affinity column chromatog-
raphy (New England BioLabs). Rabbits were injected (Fig. 2, lanes 2 and 3, arrows), indicating a deletion oc-
curred. In HindIII digests the 18.5-kb B* and 7.5-kb H*subcutaneously with 50 mg (0.5 ml) fusion protein emulsi-
fied with 0.5 ml of Titer-Max (Vaxcel Inc., Norcross, GA) fragments disappeared (Fig. 2, lane 4, asterisks) and
larger restriction fragments were observed, approxi-at 10 sites, and the serum was collected 56 days postin-
jection. mately 22 kb and 21 kb in T295 and T297, respectively,
indicating the loss of a HindIII site at the junction ofSF-21, TN368, and SE1c cells were infected with
AcMNPV as described earlier and harvested at various HindIII B* and H* in both mutants (Fig. 2, lanes 5 and 6,
arrow). The XhoI-G fragment is reduced from 7.2 kb (Fig.times postinfection. Mock-infected cells were harvested
at 48 hr p.i. Cells were lysed in 21 sample buffer (125 2, lane 7, asterisk) to 4.0 and 2.8 kb in mutants T295 and
T297, respectively (Fig. 2, lanes 8 and 9, arrows). PstI-LmM Tris–HCl [pH 6.8], 4% sodium dodecyl sulfate, 10%
b-mercaptoethanol, 20% glycerol, 0.002% bromophenol (2.9 kb) and PstI-M (2.7 kb) fragments (Fig. 2, lane 10,
asterisks) are reduced to single fragments of 2.1 and 1.0blue) containing protease inhibitors (100 mg/ml PMSF, 1
mg/ml pepstatin, 0.5 mg/ml leupeptin [Boehringer Mann- kb in T295 and T297, respectively (Fig. 2, lanes 11 and
12, arrows). The altered restriction fragments indicateheim]). An amount of protein equivalent to approximately
1 1 105 cells was loaded per lane and run on a 10% that a 3.2-kb deletion in T295 and 4.4-kb deletion in T297
occurred between the PstI sites at 76.3 and 80.6 mapSDS–polyacrylamide gel (Laemmli, 1970). Proteins were
transferred (Towbin et al., 1979) to Hybond–ECL nitrocel- units (Fig. 3A). Four major open reading frames, pk2,
ORF-247, lef-7, and chitinase, are located in this regionlulose membranes. The membrane was incubated with
anti-LEF-7 polyclonal antibody at a 1:10,000 dilution and (Ayres et al., 1994).
The deletion junctions were located by additional re-then with horseradish peroxidase-conjugated goat anti-
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FIG. 1. BV production (A–C) and PIB production (D–F) on different cell lines. (A and D) TN368, (B and E) SF-21, and (C and F) SE1c infected
with wt AcMNPV, mutant T295, or T297. BV production and percentage of cells with PIBs were determined at 0, 12, 24, 36 and 48 hr p.i. The titers
were determined by end-point dilution and TCID50 was converted to PFU/ml. PIB production is the percentage of cells containing PIBs at the fourth
day p.i. The error bars represent standard deviation from three independent experiments. PFU, plaque forming unit.
striction analysis of mutant virus DNA. In mutant T295, a gene was inserted at NcoI and EcoRI to generate a recom-
SalI site (77.5 m.u.) is missing, but NcoI (76.8 m.u.), EcoRI binant virus, vdel-AG. vdel-AG has pk2, ORF-247, lef-7, and
(80.2 m.u.), EcoRV (76.5 m.u.), and two other SalI sites chitinase genes disrupted (Fig. 3B). lef-7 was disrupted
(79.7 and 80.2 m.u.) are present (Fig. 3A). In mutant T297, by inserting the actin–GUS cassette into the lef-7 coding
NcoI and two SalI sites (77.5 and 79.7 m.u.) are deleted, region at SwaI and NsiI sites. The resulting recombinant
but EcoRV, EcoRI, and SalI (80.2 m.u.) sites are present virus, vlef7-AG, has 30% of lef-7 deleted (Fig. 3B). PstI
(Fig. 3A). Subclones pT295-PstI-SalI and pT297-EcoRV- restriction pattern and Southern blot analysis confirmed
PstI (Fig. 3A) containing the deletion junctions were se- the constructions (data not shown). Recombinant viruses
quenced and compared to wt AcMNPV sequence. lef-7 vpK2-AG, in which pk2 ORF is deleted, and vORF247-AG,
and ORF-247 were completely deleted in both mutants. in which ORF-247 is deleted, were constructed in a similar
pk2 was completely deleted in T297 and a third, including manner (data not shown). The recombinant viruses were
the promoter region, was lost in T295. The deletions con- used to infect TN368, SF-21, and SE1c cells, and budded
stituted 52 and 98% of the chitinase gene in T295 and virus and PIB production were assessed. The phenotypes
T297, respectively (Fig. 3A). Cotransfection of SF-21 cells of both vdel-AG and vlef7-AG resembled those of the mu-
with T295 or T297 DNA and the cloned AcMNPV XmaB tants. Titers of vlef7-AG-infected SF-21 and SE1c cells
fragment (Passarelli and Miller, 1993), which spans the reduced 4- to 6-fold compared to AcMNPV-infected cells
deleted region, was able to restore mutants to wt pheno- at 48 hr p.i. In TN368 cells, titers of vlef7-AG were higher
type, supporting the hypothesis that the deletions are re- than wt AcMNPV 24–36 hr p.i. (2-fold) and 48 hr p.i. (1.3-
sponsible for the mutant phenotypes. fold) (Fig. 4A). In vlef7-AG-infected SF-21 and SE1c cells
less than 20% cells contained PIBs, while more than 95%
Construction of recombinant viruses of vlef7-AG-infected TN368 cells contained PIBs at 48 hr
p.i. (Fig. 4B). BV and PIB production for cells infected withTo confirm that the phenotypes of T295 and T297 were
either vpk2-AG or vORF247-AG were indistinguishablethe result of the deletions and to determine which ORF
from wt AcMNPV (data not shown). These data demon-was responsible, recombinant viruses with specific dele-
strated that the deletion of lef-7 was responsible for thetions were constructed. A reporter cassette containing the
B. mori actin promoter driving the expression of the GUS phenotypes of T295 and T297.
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viruses lacking lef-7. DNA synthesis was evaluated
through the course of infection by dot blot analysis using
AcMNPV genomic DNA as a probe. Blots were quantified
with a phosphorimager. DNA synthesis was delayed for
12–18 hr in mutant-, vdel-AG-, and vlef7-AG-infected
TN368 cells, with two- to fourfold reduction in viral DNA
accumulation before 36 hr p.i.; however, viral DNA accu-
mulation reached that of wt-infected TN368 cells by 48
hr p.i. (Figs. 5A and 5D). Viral DNA synthesis in T295-,
T297-, vdel-AG-, and vlef7-AG-infected SF-21 and SE1c
cells was reduced to less than 5% compared to wt
AcMNPV-infected cells up to 48 hr p.i. (Figs. 5B, 5C, 5E,
and 5F). Thus lef-7 stimulates DNA synthesis and the
mutant phenotypes resulted from an inability of the virus
to efficiently replicate its DNA in SF21 and SE1c cells.
Immunoblot analysis
Because lef-7 is dispensable for AcMNPV replication in
TN368 cells but necessary in SF21 and SE1c cells, we com-
pared LEF-7 expression in wt AcMNPV-infected SF-21,
TN368, and SE1c cells over time by Western blot analysis.
Polyclonal antibodies were raised against a MBP–LEF-7
fusion protein, in which LEF-7 is truncated by 23 amino acids
FIG. 2. Restriction analysis of viral genomes. DNA of wt AcMNPV at the N-terminus. The antibody against LEF-7 detected a
(lanes 1, 4, 7, and 10) and mutants T295 (lanes 2, 5, 8, and 11) and 26-kDa protein in all three cell lines infected with AcMNPV
T297 (lanes 3, 6, 9, and 12) digested with restriction endonucleases
(Fig. 6), indicating LEF-7 is translated in SF-21, TN368, andEcoRI, HindIII, XhoI, and PstI, are shown. The fragments labeled with
SE1c cells. LEF-7 was detected from 6 to 48 hr p.i., butasterisks are those found in wt AcMNPV only; the arrows indicate the
fragments existing in mutants only. l HindIII fragments are indicated accumulations were reduced after 36 hr p.i. in all three cell
as the size marker. kbp, kilobase pair. lines (Fig. 6). It was not detected in cells infected with T297,
which lacks lef-7, or in mock-infected cells.
Viral replication DISCUSSION
We identified two AcMNPV mutants, T295 and T297,Because lef-7 is implicated in viral DNA replication,
we examined viral DNA synthesis in cells infected with that have reduced BV and PIB production in SF-21 and
FIG. 3. Identification of the deleted regions of mutant viruses and the construction of recombinant viruses. An expanded map shows the distribution
of ORFs between PstI sites at 76.3 and 80.6 m.u. (A) The deleted regions in T295 and T297 are indicated by hatched boxes. Fragments PstI–SalI
and EcoRV– PstI for T295 and T297, respectively, containing the junction are shown. T3 and T7 primers used for sequencing are indicated. (B) The
actin–GUS cassette was inserted at NcoI and EcoRI sites in vdel-AG and at NsiI and SwaI sites in vlef7-AG. Arrows, not drawn to scale, indicate
the orientation of the inserted actin–GUS cassette. Restriction endonucleases used to subclone the deletion junctions and construct the recombinant
viruses are shown.
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FIG. 4. (A) Budded virus production and (B) percentage of cells with PIBs in cells infected with vlef7-AG or AcMNPV. Open markers represent
the results of AcMNPV-infected cells, and solid markers represent the results of vlef7-AG-infected cells. Cell lines used are as indicated.
SE1c cells, but not in TN368 cells. The mutant pheno- combinant viruses in which individual ORFs were dis-
rupted, we determined that deletion of lef-7 alone wastypes were the result of 3.2-kb (T295) and 4.4-kb (T297)
deletions between 76.5 and 80.2 m.u. These mutants responsible for the observed phenotype in mutant-in-
fected cells and that pk2 and ORF-247 were nonessentialmost likely arose spontaneously during virus passage
(Kumar and Miller, 1987), since the mutagen used, BUdR, in all three cell lines. These results support previous
findings that pk2 is nonessential (Li and Miller, 1995) andgenerates point mutations. This suggests that additional
host range mutants might be isolated by serially passag- that in transient assays lef-7 is required for optimal late
reporter gene expression in SF-21 cells but does noting AcMNPV in different permissive cell lines.
The region deleted in both mutants spans four ORFs, contribute significantly to AcMNPV late gene expression
in TN368 cells (Lu and Miller, 1995b). Our data extendpk2, ORF-247, lef-7, and chitinase. By constructing re-
FIG. 5. Viral DNA synthesis. Dot blots of total DNA isolated at various time points p.i. from TN368 (A), SF-21 (B),and SE-1c (C) cells infected with
wt AcMNPV, T295, T297, vdel-AG, or vlef7-AG were probed with labeled wt AcMNPV DNA. (D–F) Graphic representations of the data from
phosphorimager readings of each blot. Counts are indicated in cpm. Known amounts of AcMNPV DNA as indicated were used as standards.
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though lef-7 is dispensable in TN368 cells, its ability to
stimulate DNA replication in TN368, SE1c, and SF-21
cells suggests that LEF-7 may augment cellular factors
that have a function similar to that of LEF-7 which are
present in TN368 cells but are lacking, at low levels,
or unable to efficiently interact with the viral replication
machinery in SF-21 and SE1c cells. The transcriptionalFIG. 6. LEF-7 expression in three cell lines infected with AcMNPV.
activator ie-2 is also required for optimal reporter geneProteins with a size of 26 kDa (arrow) were detected in SF-21 (lanes
expression in SF-21 but not TN368 cells. Like lef-7, ie-21, 4, 7, 10, 13, and 16), TN368 (lanes 2, 5, 8, 11, 14, and 17), and SE1c
cells (lanes 3, 6, 9, 12, 15, and 18) from 6 to 48 hr p.i. by a polyclonal functions to stimulate DNA replication (Lu and Miller,
antibody against LEF-7 fusion protein. This band is not present in either 1995a). ie-2 is transcribed in TN368 cells (Guzo et al.,
mock-infected (lanes 19–21) or mutant T297-infected cells (lanes 22–
1992). It will be interesting to see if deletion of ie-2 also24). Size markers are given in kDa.
results in subtle alterations in AcMNPV replication in
infected TN368 cells.
In vlef7-AG-infected TN368 cells the number of cellsthese findings by demonstrating a differential require-
ment for lef-7 for AcMNPV replication in infected TN368, containing PIBs at 24 hr p.i. was reduced (40%), although
by 48 hr p.i. the same number of cells contained PIBsSF-21, and SE1c cells. Interestingly, the deletion of lef-7
impairs AcMNPV replication in SE1c cells slightly more compared to wt-infected cells, and less than 20% SF-21
and SE1c cells contained PIBs by 48 hr p.i. Budded virusthan in SF-21 cells. Because Lu and Miller (1996) noted
differences in the ability of hcf-1 null mutants to infect titers are reduced in SF-21 and SE1c cells infected with
viruses lacking lef-7, but increased in TN368 cells com-two different T. ni cell lines, TN368 and BTI-TN5B1-4
(High 5) (Wickham et al., 1992), we infected High 5 cells pared to wt-AcMNPV-infected TN368 cells before 36 hr
p.i. (Fig. 1A) although the appearance of PIBs is delayedwith vlef7-AG. At 48 hr p.i. approximately 50% of the High
5 cells contained polyhedra compared to greater than for 12 hr (Fig. 1D). The reason for this is unknown. One
possibility is that budded virus continues to be released90% of the TN368 cells (data not shown). The different
phenotypes observed for viruses lacking lef-7 in different because the switch from budded virus to occluded virus
production is delayed in TN368 cells infected with vi-cell lines indicate that lef-7 has a cell-line-dependent
effect on AcMNPV replication. It has not yet been directly ruses lacking lef-7. Few-polyhedra (FP) mutants also gen-
erate more budded virus during infection than wt virusesdemonstrated that lef-7 affects host range at the organis-
mal level; however, mutant T297 has reduced infectivity (Fraser and Hink, 1982; Slavicek et al., 1992; Harrison
and Summers, 1995); however, unlike cells infected withfor S. frugiperda larvae when administered orally (Chil-
cote and Thiem, unpublished data). FP mutants, TN368 cells infected with vlef7-AG produce
numbers of PIBs similar to those in cells infected withIn previous studies the role of lef-7 in AcMNPV DNA
replication was analyzed by plasmid replication assays wt-AcMNPV.
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